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CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This is a divisional of co-pending United States Patent Application 
Serial No. 09/196,053 filed November 19, 1998. 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

[0002] This invention relates to tractors and, more particularly, to a 
transmission apparatus of a tractor having a mid-mount type lawn mower. 

2. Description of the related art 

[0003] Examples of tractors having a mid-PTO shaft for allowing a mower 
to be disposed under a tractor body between front and rear wheels are disclosed in Japanese 
Patent Laying-Open Publication H8-282312 and Patent Laying-Open Publication H7-232567. 
In these tractors, an engine mounted on a front portion of the tractor body and a transmission 
disposed in a rearward position of the tractor body are interlocked through a drive shaft. 
Such a construction secures a space for accommodating the mower. That is, a sufficient 
space is secured for vertically movably accommodating the mower by arranging the engine 
and transmission in forward and rearward positions of the tractor body. The mower may be 
raised to a sufficient height above the ground when the tractor makes a non-operational run. 

[0004] The size of a tractor is determined largely by the wheelbase which is 
the distance between front and rear wheels. Tractors of small overall size are desired 
particularly for use on small farms and for personal use. It is thus desirable to reduce the 
wheelbase to realize a small tractor capable of accommodating a working implement such as 
a mower in an intermediate position thereof. 

[0005] However, when the wheelbase is reduced, it is difficult to secure a 
sufficient space for a working implement such as a mower since the transmission of the 
tractor occupies a large space. 

[0006] An object of this invention is to provide a small tractor, which 

secures a sufficient space for a mower. 



SUMMARY OF THE INVENTION 

[0007] The above object is fulfilled, according to this invention, by a tractor 
comprising a pair of frames extending in a fore and aft direction of the tractor and spaced 
from each other transversely thereof, an engine disposed in a forward region of the pair of 
frames, a transmission case extending and supported between rear portion of the pair of 
frames, a rear wheel differential housed in the transmission case, a pair of rear wheel axles 
connected to a pair of rear wheels of the tractor and having an axis extending transversely of 
the rear wheel differential, a power take-off clutch disposed above the rear wheel differential, 
and a change speed gearing mechanism disposed between the front surface of the 
transmission case and a virtual plane extending vertically through the axis. 

[0008] In the above construction, the rear wheel differential and the PTO 
clutch are arranged vertically. The change speed gear mechanism has a flat configuration 
thin in the fore and aft direction, which is disposed between the front surface of the 
transmission case and a virtual plane extending vertically through the axis of the rear wheel 
axles. This construction provides a reduced fore and aft length between the front surface of 
the transmission case and the rear wheel axles, compared with a construction in which the 
PTO clutch is disposed forwardly of the differential or the change speed gear mechanism is 
disposed forwardly of the differential. 

[0009] Thus, the tractor according to this invention realizes a reduced 
wheelbase without reducing the diameters of front and rear wheels or the fore and aft length 
of a working implement. The above construction enables the tractor to be built compact 
while securing a sufficient space for the working implement disposed in the lower position 
thereof. 

[0010] In an embodiment of this invention, the front cover of the 
transmission case, preferably, has an oil filter disposed on a lower portion thereof, and supply 
and drain oil passages which are through holes formed in the front cover to extend parallel to 
the front surface. With this construction, the required supply and drain oil passages may have 
a reduced length or no length to achieve a reduction in weight. Such oil passages are less 
vulnerable to damage through contact with other objects than where supply and drain oil 
passages are in the form of pipes, hoses or the like arranged along an outer surface of the 
transmission case. 

[0011] In a further embodiment of this invention, the tractor includes front 
wheels, rear wheels, a transmission case, a rear axle, and a framework. The transmission case 
is disposed adjacent to the rear wheels. The transmission case has right and left walls, a front 
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wall, and a rear wall. The rear axle is supported by the transmission case. The framework 
substantially forms a body of the tractor and extends in a fore and aft direction of the tractor. 
The framework includes a first frame and a second frame. The first frame has its rearward 
end region connected to the left wall of the transmission case. The second frame has its 
rearward end region connected to the right wall of the transmission case. The tractor further 
includes a rollover protection structure (ROPS) supported by the framework. 

[0012] The ROPS may include right and left legs extending upwardly, and a 
cross portion connecting the right and left legs. The left leg may be supported by the first 
frame through a left post, and the right may be supported by the second frame through a right 
post. The right and left connecting regions between the framework and the transmission case 
may be located adjacent to right and left connecting regions between the framework and the 
respective right and left posts, respectively. The tractor may further include horizontal right 
and left mounting seats that are provided at one side of the respective right and left posts. 
The mounting seats may have the right and left legs of the ROPS connected thereto, 
respectively. The mounting seats and the right and left legs of the ROPS may be connected 
to each other with right and left fenders interposed therebetween, respectively. 

[0013] Other features and advantages of this invention will be apparent 
from the following description of the preferred embodiment to be taken with reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Fig. 1 is a side elevation of a mid-mount type riding lawn tractor 

according to this invention; 

[0013] Fig. 2 is a plan view of the lawn tractor showing an arrangement of a 

transmission system; 

[0014] Fig. 3 is a sectional view of a transmission taken along section line 

3-3 in Fig. 5; 

[0015] Fig. 4 is a sectional side view showing a principal portion of the 

transmission; 

[0016] Fig. 5 is a front view showing an arrangement of shafts in the 

transmission; 

[0017] Fig. 6 is a sectional rear view of a differential and adjacent 

components; 

[0018] Fig. 7 is a front view of a front cover showing supply and drain oil 
passages for an oil filter; 
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[0019] Fig. 8 is a side view, partly in section, of the transmission; 

[0020] Fig. 9 is a rear view showing a fuel tank and a guard frame; 

[0021] Fig. 10 is a plan view showing foot-rests; 

[0022] Fig. 1 1 is a section taken on line a-a of Fig. 10; 

[0023] Fig. 12 is a front view of a fuel gauge and a mounting structure 

therefor; and 

[0024] Fig. 13 is a plan view showing movement of a float of the fuel gauge. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0025] An embodiment of this invention will be described hereinafter with 

reference to the drawings. 

[0026] Figs. 1 and 2 show a mid-mount type riding lawn tractor, which is 
one example of tractors according to this invention. The lawn tractor has a mower 1 mounted 
under a tractor body between front wheels 2 and rear wheels 3. 

[0027] In this specification, the terms forward and rearward or fore and aft 
are used with reference to the fore and aft direction of the tractor. 

[0028] The lawn tractor includes a pair of right and left body frames 5 A and 
5B extending in the fore and aft direction. An engine 4 is disposed in a forward position of 
the tractor body, and a transmission M disposed in a rearward position, both arranged 
between the pair of right and left body frames 5A and 5B. An HST 7 is rigidly attached to 
the front of a transmission case 6, and is connected to the engine 4 by a drive shaft 8. A front 
wheel drive shaft 9 and a mid-PTO shaft 10 extend forward from the transmission M for 
driving the front wheels 2 and the mower 1, respectively. Further, a rear PTO shaft 11 
projects rearward from the transmission M for driving a rear working implement not shown. 
The transmission case 6 has a hydraulic cylinder 13 formed integral with an upper surface 
thereof for raising and lowering the rear working implement, and supports an axis 12a of lift 
arms 12. The body frames 5 are formed as plates having vertically elongated sections, and 
the transmission case 6 is bolted to inward surfaces thereof. 

[0029] In Fig. 2, reference LI denotes a length in the fore and aft direction 
of the body frames 5A and 5B. Reference L2 denotes a distance in plan view between a 
rotational axis Y of front wheels 2 and a rotational axis X of rear wheels 3. Reference L3 
denotes a right and left distance between the body frames 5A and 5B, i.e., a right and left 
width of the transmission case 6. Reference L4 denotes a fore and aft width of the 
transmission case 6. 
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[0030] The dimensions L1-L4, desirably, are in the following relationship. 
L4 is J /4 or less of LI, and preferably 1/5 or less of LI. Further, L4 is 1/3.5 or less of L2 and 
preferably % or less of L2. In addition, L4 is 1.2 times L3 or less. This is, the transmission 
case 6 has a reduced fore and aft length between the forward end of a front cover 6B thereof 
and the rear axles 20. For this purpose, the transmission case 6 has components arranged 
therein as described hereinafter. 

[0031] Fig. 3 is an expanded view illustrating an interlocking relationship 
among gears and the like mounted in the transmission case 6. Figs. 4 and 5 show an actual 
positional relationship of several shafts shown in Fig. 3. 

[0032] In Fig. 3, the left side always corresponds to the forward traveling 
direction of the lawn tractor. Reference S in Fig. 3 denotes a virtual plane extending 
vertically through the axis X of rear wheel axles 20. As shown in Figs. 3 through 5, the 
transmission M includes a rear wheel differential 14, a PTO clutch 15 disposed above the 
differential 14, a propelling drive auxiliary change speed mechanism 16 disposed in a small 
flat space forwardly of the differential 14 and PTO clutch 15, and a PTO change speed 
mechanism 17. The auxiliary change speed mechanism 16 and PTO change speed 
mechanism 17 are arranged forwardly of the virtual plane S. 

[0033] The auxiliary change speed mechanism 16 receives power having 
undergone a change speed operation of a motor 7m in HST 7. The PTO change speed 
mechanism 17 receives power of a pump 7p without change speed. 

[0034] The auxiliary change speed mechanism 16 includes a propelling 
drive input shaft 28 for receiving power from HST 7 through a gear coupling 16a, a 
propelling drive change speed shaft 29, and a shift gear 18 mounted on the change speed 
shaft 29 to be rotatable relative to the change speed shaft 29 and engageable with the 
propelling drive input shaft 28. The shift gear 18 is moveable to switch the auxiliary change 
speed mechanism 16 among high-speed, neutral and low-speed positions. The propelling 
drive change speed shaft 29 is interlocked to the differential 14 through a bevel gear 

reduction mechanism 30. 

[0035] The change speed shaft 29 is interlocked through gearing to an 
intermediate shaft 31 which is interlocked to the front wheel drive shaft 9 through a clutch 
gear 32. The clutch gear 32 is shiftable between a front wheel drive position and a front 

wheel non-drive position. 

[0036] As seen from Fig. 3, the change speed shaft 29 and intermediate shaft 
31 are arranged as close in the fore and aft direction to a large-diameter gear 14a of 
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differential 14 as possible. Thus, the space for accommodating the auxiliary change speed 
mechanism 16 and the front wheel drive gearing has a minimal fore and aft length. 

[0037] The PTO clutch 15 is in the form of a wet, multi -plate friction clutch 
mounted on a PTO input shaft 33 for receiving pump power from HST 7 through a coupling 
17a. The PTO clutch 15 includes an outer clutch body 34 mounted on the PTO input shaft 33 
to be rotatable therewith, an inner clutch body 35 mounted on the PTO input shaft 33 to be 
rotatable relative thereto, a support ring 36 mounted on the inner clutch body 35 to be 
slidable relative thereto and rotatable therewith, a clutch piston 37, a return spring 38 and 
friction plates 39. The PTO clutch 15 is engaged when pressure oil is supplied to move the 
piston 37 against the force of return spring 38 to place the friction plates 39 in pressure 
contact, and is disengaged by stopping the pressure oil supply. 

[0038] The PTO change speed mechanism 17 includes a relay shaft 40 
interlocked to a rear PTO shaft 1 1 through gearing, a collar 41 mounted on the relay shaft 40 
to be rotatable relative thereto, a selector gear 19 mounted on the collar 41 to be rotatable 
together and meshed with the inner clutch body 35, a PTO drive gear 42 mounted on the relay 
shaft 40 to be rotatable relative thereto, and an interlocking shaft 43 for interlocking the PTO 
drive gear 42 to the mid-PTO shaft 10. The selector gear 19 is axially moveable through a 
spline engagement. 

[0039] The selector gear 19 is shiftable among three positions, i.e., a first 
position for engaging the collar 41 and PTO drive gear 42 to drive only the mid-PTO shaft 
10, a second position for engaging the collar 41 and relay shaft 40 to drive only the rear PTO 
shaft 1 1, and a third position for engaging the collar 41, PTO drive gear 42 and relay shaft 40 
to drive both PTO shafts 10 and 1 1 . 

[0040] The PTO change speed mechanism 17 is mounted in a space having 
a reduced fore and aft length which is achieved by disposing the PTO clutch 15 rearwardly 
and directly over the bevel gear reduction mechanism 30, and the selector gear 19 on the 
relay shaft 40. Consequently, the propelling and PTO change speed gear mechanisms 16 and 
17 require a reduced fore and aft length, whereby the transmission case 6 has a reduced fore 
and aft length between the forward end of a front cover 6B thereof and the rear axles 20. The 
distance between the axis X of said rear wheels 3 and the forward end of the front cover 6B 
in plan view is preferably less than 1/8 or, more preferably less than 1/10 of, a length of the 
body frames 5 A and 5B. 

[0041] The transmission case 6 includes a main case 6A surrounding the 
auxiliary change speed mechanism 16, PTO change speed mechanism 17, differential 14 and 
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PTO clutch 15, the front cover 6B acting as a front lid for the two change speed mechanisms 
16 and 17, and a top cover 6C. The main case 6A is formed as an integral component. The 
main case 6 A houses a pair of side brakes 21 for acting on the right and left rear axles 20, and 
a differential lock mechanism 22. As shown in Fig. 7, the front cover 6B has an oil filter 23 
protruding forward from a lower position on the front surface thereof. Supply and drain oil 
passages 24 and 25 communicating with the oil filter 23 are formed in the front surface of 
front cover 6B. 

[0042] Specifically, the supply and drain oil passages 24 and 25 are in the 
form of through holes formed in a vertical thick wall portion of the front surface and 
extending parallel to the surface. The supply and drain oil passages 24 and 25 extend 
obliquely from upper left to lower right positions with respect to the forward traveling 
direction of the tractor. One supply and drain oil passage 24 communicates with the interior 
of transmission case 6 where a shaft of motor 7m of HST 7 is received. The other supply and 
drain oil passage 25 departs from the upper left position of front cover 6B to communicate 
with a metal pipe 26 extending to a hydraulic device such as a power steering unit. 

[0043] The top cover 6C supports the lift arm axis 12a, and defines a piston 
chamber 13a of hydraulic lift cylinder 13. The top cover 6C is bolted to the upper surface of 
main case 6A through surfaces w inclined rearwardly. The upper surface of top cover 6C is 
shaped to define the piston chamber 13a, and pivotal seats 50 of top links of a three-point link 
mechanism not shown. 

[0044] As shown in Fig. 8, HST 7 acting as a propelling drive main change 
speed mechanism is integrated to the transmission case 6, with an oil passage block 27 
supporting the pump 7p and motor 7m and bolted to the front surface of front cover 6B. With 
the construction described above, the entire transmission M including HST 7 has a forward 
end thereof disposed as close to the rear axles 20 as possible. Thus, the lawn tractor has a 
reduced wheelbase while allowing the mower 1 to be raised a sufficient amount. 

[0045] As shown in Fig. 9, the tractor includes a fuel tank 46 of irregular 
shape having a middle tank portion 46a disposed over the transmission case 6 and side tank 
portions 46b arranged over the right and left rear wheels 3 so as to cover the rear wheels 3. 
These tank portions 46a and 46b are integrated to communicate with one another. Vertical 
plate posts 47 bolted to the rear ends of the right and left body frames 5A and 5B extend 
upward along inward surfaces of side tank portions 46b, and are bent outward over the side 
tank portions 46b to define mounting seats 48. 



[0046] These right and left mounting seats 48 are used for bolting thereto a 
guard frame (or rollover protection structure) 49 for protecting the rider. Thus, the guard 
frame 49 is firmly fixed to the body frames 5A and 5B without interfering with the fuel tank 
46. 

[0047] As shown in Figs. 12 and 13, the left side tank portion 46b includes 
a fuel gauge A. Specifically, a stay 53 is attached to a lower surface of a lid 52 fitted to a 
circular opening formed in an upper surface of left side tank portion 46b, and a gauge body 
51 is attached to the stay 53 to be oscillatable about an inclined axis P. The gauge body 51 
includes a rod 51a defining the inclined axis P, and a float 51b attached to a distal end of the 
rod 51a. The float 51b is obliquely oscillatable between a full tank position at a left forward 
end in the left side tank portion 46b (Fig. 12 (A)) and replenish position at a bottom of a 
connecting tank portion 46c between the left side tank portion 46b and middle tank portion 
46a (Fig. 12(B)). 

[0048] That is, the float 51b moves to the full tank position with a rise of 
fuel level when the fuel tank 46 is filled to a maximum, and moves to the replenish position 
with a fall of fuel level when the fuel tank 46 is nearly empty. Consequently, a residual 
quantity of fuel may be indicated steplessly by providing a potentiometer (not shown) on the 
inclined axis P. A device for notifying that the fuel tank 46 should be replenished may be 
provided in the form of a switch (not shown) operable when the float 51b moves close to the 
replenish position. 

[0049] As shown in Figs. 10 and 11, a driving platform B includes a floor 
54 having foot-rests 54A, right and left fenders 54B, and a vertical wall 54C integrating and 
interconnecting the fenders 54B and covering the front of transmission case 6. The foot rests 
54A have right and left extensions 54a extending rearward into spaces between the 
transmission case 6 and right and left rear wheels 3. Thus, extra foot spaces are provided for 
receiving the heels of the rider. 
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